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t has focused on whether specific compounds found within human body odor
influence the behavior or physiology of other individuals. The most intensively studied is 4,16-androstadien-
3-one, a chemical which is known to modulate mood and have activational effects in the sympathetic
nervous system in a context-dependent manner, but whose action in mate-choice contexts remains largely
untested. Here we present evidence that this androgen steroid may modulate women’s judgments of men’s
attractiveness in an ecologically valid context. We tested the effects of androstadienone at a speed-dating
event in which men and women interacted in a series of brief dyadic encounters. Men were rated more
attractive when assessed by women who had been exposed to androstadienone, an effect that was seen in
two out of three studies. The results suggest that androstadienone can influence women’s attraction to men,
and also that research into the modulatory effects of androstadienone should be made within ecologically
valid contexts.

© 2008 Elsevier Inc. All rights reserved.
Introduction

Odorous chemicals originating froman animal constitute a rich and
potent source of potential information to conspecifics. This informa-
tion can include sex, identity, relatedness and individual condition, and
can be gleaned from glandular sources and urine or fecal scent marks
(Gosling and Roberts, 2001). Despite much work on non-human
animals, the extent to which chemical assay is influential in human
interactions is unclear. One approach to understanding how humans
are influenced by biological odors has focussed on the information
accessible through chemosignals, without specific knowledge about
the chemical compounds involved. For instance, this approach has
investigated the relationships between hedonicity of axillary odor and
partner preferences based on genetic similarity (Wedekind et al.,
1995), the effects of chemical secretions on the timing of the female
menstrual cycle (McClintock, 1971, 1998), and the relationship bet-
ween personality and odor (Havlicek et al., 2005). An alternate app-
roach has quantified the action of specific compounds on behavioral or
psychological states, most notably a family of steroid compounds
including estratetraenol, androstenol, androstenone, androstadienol
and, particularly, androstadienone (review in Hays, 2003).

Androstadienone (4,16-androstadien-3-one) is an odorous com-
pound found in axillary secretions (Brooksbank et al., 1972; Gower et
).

l rights reserved.
al., 1994). Women exposed to androstadienone in the laboratory
environment tend to experience positive affective modulation,
including fewer feelings of boredom and frustration associated with
the laboratory testing session, maintenance of positive moods despite
exposure to negative stimuli, and increased feelings of focus (Bensafi
et al., 2004a; Grosser et al., 2000; Jacob andMcClintock, 2000; Jacob et
al., 2001a; Lundström et al., 2003a; Lundström and Olsson, 2005;
Villemure and Bushnell, 2007). At the physiological level, androsta-
dienone inhalation precedes measurable changes in endocrine state
(Wyart et al., 2007) and autonomic activations (Bensafi et al., 2004a;
Grosser et al., 2000; Jacob et al., 2001a; Monti-Bloch and Grosser,
1991) that may be specific to women (Bensafi et al., 2004b;
Boulkroune et al., 2007; Chopra et al., 2008; Jacob and McClintock,
2000). Neurologically, female response to androstadienone extends
beyond the olfactory system, activating areas of the brain associated
with attention, social cognition, emotional processing, and sexual
behavior (Gulyas et al., 2004; Jacob et al., 2001b; Savic et al., 2001;
Savic et al., 2005). A functional consideration of these types of findings
has led to the suggestion that androstadienone might have a sexual
function, and might be able to elicit behavioral responses in women
towards men in such a manner as to facilitate partnership formation
(Bensafi et al., 2004a; Hays, 2003; Lundström and Olsson, 2005), but
so far specific evidence in support of this suggestion has been lacking
(e.g. Lundström and Olsson, 2005).

Researchers have suggested that our understanding of androsta-
dienone may be limited by the fact that its effects have only rarely
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been tested outside the laboratory (Jacob et al., 2002; Saxton et al.,
2007). This is especially problematic because the effects of androsta-
dienone appear to be highly context-dependent. For instance, two
groups of researchers have found psychological influences of
androstadienone when participants are tested by a male but not a
female researcher, and suggest that the presence of a male may be
necessary to provide sufficient ecological validity to elicit its specific
effects (Jacob et al., 2001a; Lundström and Olsson, 2005). In addition,
the effects of androstadienone can vary according to the nature of
concurrent stimulus presentation (Bensafi et al., 2004a). To gain an
accurate understanding of the role of androstadienone, and in
particular whether it may influence male–female interactions, we
thus need to know its influences within a relevant social context
(Jacob et al., 2002).

In light of this, we chose a speed-dating event as a suitable
experimental context for testing the effects of androstadienone in
relation to male–female interactions in the real world. Speed-dating
allows single men andwomen to interact in pairs for very limited time
periods. At the end of each interaction, men and women note covertly
whether they would like to meet again. If both parties select the other,
their contact details are exchanged by the organisers. Since the aim of
participants is to evaluate and attract potential partners, speed-dating
provides an ecologically valid and theoretically appropriate context to
assess modulation of mate-choice behaviors (Finkel et al., 2007).

Materials and methods

Participants

The study took place as three separate speed-dating events. Event
1 recruited 22 male and 25 female participants aged 19–25 (mean ±
SD = 20 ± 1 years) from among university undergraduates. To
minimise the possibility that participants knew each other, female
undergraduates were predominantly recruited from one university
and male undergraduates from two separate but nearby universities.
The event was held at the students’ union and organised by the
authors. There was no charge for attendance, and participants
received a voucher for a free drink at the end of the evening. The
event was advertised as an experiment investigating the effects of
odors, including human pheromones, on social judgments. Events 2
and 3 were organised through a private speed-dating agency for
participants aged 30–45 and 21–35, respectively, and took place in a
local bar. Female experimental participants were recruited prior to the
event by advertisements on the mailing list of the agency, and the
usual fee was waived in exchange for their participation. The women
were told that they were volunteering for an investigation into the
science of attraction, and that they would be exposed to various odors
during the evening. At Events 2 and 3, all male and a number of female
speed-daters in attendance were not party to the experiment. Data
were collected from 17 women aged 35–44 (mean ± SD = 39 ± 3 years)
who interacted with 19 men in Event 2, and from 12 women aged 21–
39 (mean ± SD = 32 ± 4 years) who interacted with 25 men in Event 3.
All participants were instructed not to consume alcohol before or
during the event, or to wear strongly scented products such as
perfume or moisturisers.

Procedure

Participants provided informed consent. They used cotton wool
pads to apply either water, clove oil (1% clove oil in propylene glycol),
or 4,16-androstadien-3-one (250 μM concentration in the clove oil
solution) in sufficient quantities to saturate the area of skin between
mouth and nose, from an Eppendorf containing between approxi-
mately 0.5 and 1 ml of solution. The presentation method and
concentrations were chosen to allow comparison with existing
literature (e.g. Jacob and McClintock, 2000; Jacob et al., 2001b;
Lundström et al., 2003a; Lundström and Olsson, 2005). This
concentration of androstadienone is thought to be below conscious
detection levels for the majority of the population (Jacob and
McClintock, 2000; Lundström et al., 2003b). Participants were not
told which experimental condition they had been allocated to, or the
number of experimental conditions. Before the interactions began, the
women answered a few questions (age, self-rated attractiveness,
menstrual cycle dates, hormonal contraceptive usage, whether they
smoked, whether they had consumed an alcoholic drink in the
preceding couple of hours, description of the odor they were given).
Three of the women in the androstadienone condition (one from each
Event) provided written descriptors of the solution (“urine, babies’
nappies”, “babies”, and “cloves, musty/dirty”) that suggested that they
may have consciously detected androstadienone; results reported
below are qualitatively identical when the ratings given by these
women are excluded.

On the basis of existing work showing measurable effects of
androstadienone 6 min post-exposure and lasting at least 2 h (Jacob
and McClintock, 2000), we ensured a gap of at least 15 min between
initial odorant application and the beginning of the male–female
interactions. Event 1 interactions were completed a maximum of 2 h
and 15 min after first exposure. In Events 2 and 3, odorants were re-
applied during a break approximately 2 h after the initial application,
and the interactions continued for approximately another hour
following re-application. Women were seated at numbered tables,
andmenmoved from table to table at regular intervals as prompted by
the organisers. Participants had approximately 3 min to interact with
and assess their partner. Female participants were provided with a
score card on which they recorded a rating of each man’s attractive-
ness on a scale of 1–7, and indicated whether they would like to meet
theman again (on the basis that if both participants selected the other,
their contact details would be exchanged by the organisers).
Photographs were taken of all female participants, and these were
rated for attractiveness subsequent to the event by a panel of 15 (Event
1) or five (Events 2 and 3) male raters who had been chosen to be of
similar age to those being rated.

Analysis

For the attractiveness rating scores, we discounted scores awarded
to one man who left prematurely and so was rated by only five
women; and all scores given by one womanwho did not adhere to the
rating system. A further 45 out of a possible 1190 ratings were
excluded either because one or both of the participants indicated that
they knew the other prior to the event, or because a rating had been
omitted from the score card. A maximum of four scores awarded by
any one woman, and a maximum of five scores awarded to any one
man, were excluded in this way. These 45 omitted or excluded ratings
were replaced by the average score given to the man in question,
calculated from the remaining valid data. This is a conservative
approach, reducing between-conditions variance.

We also calculated a man’s selection rate, namely, the proportion
of women who selected a man as someone she might want to meet
again, divided by the number of women who met that man. We
excluded the man who left prematurely. Of the remaining men, two
left somewhat early and so failed to meet four women each, and some
potential meetings weremissed (e.g. if a participant took a break; total
omitted meetings n = 15 out of a possible 1173 meetings); the divisor
in the calculation was adjusted as necessary.

Analyses were conducted with SPSS version 15.0. Mixed-model
ANOVA with man (n = 66) as the unit of analysis and mean
attractiveness rating or selection rate for each man calculated from
all women in each of the three experimental Conditions (water, clove,
androstadienone) as the three within-subject levels, following the
analyses of Roberts et al. (2005) and Wedekind et al. (1995). Selection
rate data were non-normally distributed, but ANOVA is robust to



Fig. 1.Mean attractiveness rating, by experimental Condition (androstadienone in clove
oil, clove oil alone, water) and by Event (speed-dating Events 1, 2 or 3). Mean±SE.
⁎⁎Pb.001 ⁎Pb.05.
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deviations from normal distribution (Subrahmaniam et al., 1975).
Greenhouse–Geisser correctionwas used in the mixedmodel analyses
where data violated assumptions of sphericity. Event (whether the
man was rated in Event 1, 2 or 3) was included as a between-subjects
factor, although results are qualitatively identical if Event is excluded.
Wilcoxon’s signed-ranks tests (T) were used in place of paired-
samples t-tests (t), Kruskal–Wallis tests (H) used in place of one-way
ANOVA, and Kendall’s tau correlations (τ) in place of Pearson
correlations, if data were non-normally distributed (Kolmogorov–
Smirnov, Pb.05).

Results

Attractiveness ratings

Experimental Condition (water, clove, androstadienone) had a
significant effect on the rated attractiveness of the men (F2,126 = 5.698,
P = .004). Men were rated significantly more attractive by women
in the androstadienone condition compared with both women in
the clove (Wilcoxon’s signed-ranks tests, T = 606, P = .015) and water
(T = 619.5, P = .003) conditions. Ratings from the women in the
clove and water conditions did not differ significantly (T = 961.5,
P = .468).

The effect of Event on attractiveness rating bordered on signifi-
cance (F2,63 = 3.105, P = .052): the trend was for men in Event 1 to be
awarded higher ratings, although post-hoc comparisons of the ratings
Fig. 2. The relationship between the proportion of womenwho selected aman for possible fu
point represents one man. The androstadienone condition was associated with higher attrac
selection rate covary positively (overall τ= .741, Pb.001).
given at each Event revealed no significant differences (Games–
Howell procedure: Event 1 and Event 2: P = .1; Event 1 and Event 3:
P = .12; Event 2 and Event 3: P = .99).

The main effects of Condition and Event were modified by a
significant interaction between Condition and Event (F4,126 = 4.892,
P = .001; Fig. 1), which was analysed further. In Event 1, Conditionwas
significant (repeated-measures ANOVA of Event 1 as above, F2,42 =
20.69, Pb.001). Men were given higher ratings by women exposed to
androstadienone than women exposed to clove (paired-samples
t-tests, t21 = .5763, Pb.001) or water (t21 = 5.41, Pb.001), but the
ratings from the women in the water and clove conditions did not
differ (t21 = .733, P = .472). In Event 2, Condition approached sig-
nificance (F2,36 = 3.008, P = .062). The mean rating awarded in the
androstadienone conditionwas higher than that awarded in the clove
condition, which itself was higher than that awarded in the water
condition, but the only statistically significant difference was between
the androstadienone and water conditions (androstadienone/clove
(t18 = .988, P = .336); androstadienone/water (t18 = 2.176, P = .043);
clove/water (t18 = 1.761, P = .095)). In Event 3, Condition was not
significant (F2,48 = .384, P = .683; for completeness, figures are:
androstadienone/clove T = 89, P = .564; androstadienone/water t24 =
1.091, P = .286; clove/water t24 = .413, P = .683).

In order to rule out other differences between the women in the
three experimental conditions that may have been driving the
differences in their attractiveness ratings, we compared the groups
of women with respect to their self-rated attractiveness (Little et al.,
2001), other-rated attractiveness (Penton-Voak et al., 2003), age,
alcohol consumption and (in normally-cycling, non contraceptive
users) menstrual cycle phase (Danel and Pawlowski, 2006; Gangestad
et al., 2004). The women in the three Conditions did not differ
significantly in any of these factors (self-rated attractiveness (H2 = .06,
P = .970); other-rated attractiveness (F2 = .522, P = .597); age (H2 = .147,
P = .929); whether they had had a drink in the preceding couple of
hours (H2 = 2.034, P = .362). The number of normally-cycling women
in the ‘fertile’ phase of the menstrual cycle, 14–20 days before
predicted onset of next menses, bordered on significance (H2 = 5.681,
P = .056), but while we might expect fertile-phase women to give
higher attractiveness ratings (irrespective of chemical exposure;
Danel and Pawlowski, 2006; Gangestad et al., 2004; but see Thorne
et al., 2002 where no effect of menstrual cycle phase on attractiveness
ratings was found), in fact the androstadienone Condition contained
the smallest number of normally-cycling, fertile-phase women (one of
the 20 women exposed to androstadienone, two of 17 to clove, five of
15 to water).

Selection rates

Rated male physical attractiveness co-varied strongly with his
chance of being selected for further meetings (τ = .741, Pb.001; Fig. 2).
ture meetings andmean attractiveness rating given to that man, by Condition. Each data
tion ratings (P= .004) but not higher selection rates (P= .495); attractiveness rating and



Fig. 3. Mean selection rate, by Condition (androstadienone in clove oil, clove oil alone,
water) and by Event (speed-dating Events 1, 2 or 3). Mean±SE. ⁎⁎Pb.01.
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There was no significant main effect of Condition on selection rates
(F1.8,115.0 = .681, P = .495). Selection rates differed significantly
according to Event (F2,63 = 3.164, P = .049), although post-hoc
comparisons of the ratings given at each Event revealed no significant
differences (Games–Howell procedure: Event 1 and Event 2: P = .096;
Event 1 and Event 3: P = .137; Event 2 and Event 3: P = .997). These
findings weremodified by a significant interaction between Condition
and Event (F3.7,115.0 = 2.953, P = .027; Fig. 3). Separate repeated-
measures analysis of each Event revealed a significant effect of
Condition in Event 1 (F2,42=5.136, P = .01); men were selected
significantly less frequently by the women exposed to water than
the women exposed to clove (T=7, P = .005) or to androstadienone
(t21=2.973, P= .007), while clove and androstadienone conditions did
not differ in selection rates (t21= .221, P = .827). There was no
significant effect of Condition on selection rates in Event 2
(F2,36=1.866, P= .169) or Event 3 (F1.6,38.6=1.623, P = .213).

Discussion

We investigated the effects of androstadienone exposure on
women’s attractiveness ratings, and selection, of men, at three
separate speed-dating events, in a between-subjects design. Speed-
dating was chosen as a suitable arena to investigate a chemical with a
posited sexual signalling function. Women applied either androsta-
dienone mixed in a solution that smelt of clove oil, the clove oil
solution alone, or water, to the upper lip, enabling passive inhalation
of the solution throughout the evening. The three experimental
conditions allowed us to parse the effects of an odor from the specific
effects of androstadienone (Hays, 2003; Pause, 2004).

We found some evidence that androstadienone exposure can
enhance ratings of men’s attractiveness. Men were rated more
attractive overall by women exposed to androstadienone than by
women exposed to clove oil or water, and the groups of women given
the three different solutions did not differ in other factors known to
affect ratings of attractiveness (i.e. self-rated attractiveness, other-rated
attractiveness, age, menstrual cycle phase, alcohol consumption).

However, the main effect of androstadienone exposure was
modified by a significant interaction with the event (i.e. at which of
the three separate speed-dating events the data were collected). The
most compelling evidence for the effects of androstadienone came
from the first event, with some confirmatory evidence from the
second event, and no demonstrable effect of androstadienone at the
third. The reasons for this interaction are unclear. Sampling effects
could be at issue: the first event contained the most, and the third the
fewest, female participants. The effects of androstadienone appear to
be amenable to context, and it is likewise possible that differences
between the speed-dating events were influential. The first event,
organised by the authors, was most carefully controlled, and
participants may have been more motivated; certainly, at the first
event there was a trend for overall ratings of attractiveness and
selection rates to be higher. Alternatively, a greater proportion of the
women in the first event may have been sensitive to the effects of
androstadienone. The composition of the people in the studies may
also play an important role. The first event contained the youngest
sample, where physical traits may be relatively more important than,
for example, financial status, compared to older samples, and this
could increase the chances that odor cues might be important. Results
may also be prone to variation amongst the attractiveness of the
people participating in each event.

Although exposure to sub-threshold concentrations of non-
odorous sweat (but not synthetic, odorous sweat, Demattè et al.,
2007) has been shown to enhance women’s ratings of men’s
attractiveness (Thorne et al., 2002), a previous experiment, in which
the effect of androstadienone on ratings of facial photographs was
measured, detected no significant response (Lundström and Olsson,
2005). If androstadienone can modulate social perceptions, it is
possible that ecologically valid accompanying cues, such as a man’s
presence, are necessary for this effect to emerge (Jacob et al., 2001a;
Lundström and Olsson, 2005; Saxton et al., 2007).

The finding that androstadienonemay enhancewomen’s ratings of
men’s attractiveness is consistent with the idea that it may constitute
a sexual signal that conveys information about male mate quality. The
finding that women show concordant strength of preference for male
facial masculinity and the odor of androstadienone has been
interpreted as indirect evidence that androstadienone may index
male mate quality (Cornwell et al., 2004), and in male boars,
production levels of a related chemical, a boar pheromone called
androstenone, correlate positively with social rank and aggression
levels (Giersing et al., 2000).

Although we assume that our results are due to an effect of
androstadienone on the women, it is not inconceivable that the men
were also behaving differently in its presence, despite their greater
distance to the source of the odor. Certainly, male responses to
androstadienone have been noted previously; these are often different
from female responses (Bensafi et al., 2004b; Boulkroune et al., 2007;
Chopra et al., 2008; Jacob and McClintock, 2000).

An understanding of the effects of androstadienone is still far from
complete, and this required us to make a number of assumptions in
our experimental design. Firstly, although we used an experimental
context that was more ecologically valid than a standard laboratory
test, the method of application of androstadienone, and possibly also
the dosage, remains somewhat artificial (Saxton et al., 2007), and, as
indicated in our results, the androstadienone concentrations used
may be consciously detectable by a minority of the population (Jacob
and McClintock, 2000; Lundström et al., 2003b). An alternative
design which may increase ecological validity further would be to
apply the odor stimuli to the men, rather than to the women; and to
use sub-threshold concentrations without the clove oil admixture.
The use of clove oil as a masking odor allows for comparison with
previous literature, and its use as an odor control is critical for dis-
tinguishing specificity of effect. Its usage has been criticised on the
basis that the experimental solution then constitutes a complex
mixture (Lundström et al., 2003a), and also that it has a number of
biological effects including anesthesia (Chaieb et al., 2007), but since
it was used in both the experimental and control conditions, any
possible biological effects of clove oil should not affect the expe-
rimental findings. Related to these problems, it is as yet unclear
whether androstadienone can be expected to have any effect in
naturalistic settings other than in very intimate dyadic encounters,
or if it does, how a man might solve the problem of influencing a
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woman’s response to him without influencing her response to all
other men in the vicinity.

Our results represent a novel demonstration of the modulation of
mate-choice behavior. Yet they are also consistent with a range of
findings that may constitute the proximate mechanisms of the
modulation: enhancement of female positive mood (Bensafi et al.,
2004a; Bensafi et al., 2004b; Jacob and McClintock, 2000; Jacob et al.,
2001a; Lundström and Olsson, 2005; Villemure and Bushnell, 2007);
and increased ease-of-processing of facial characteristics in the
presence of related cues such as bodily odors (Kovacs et al., 2004;
Rowe, 1999). While it is possible that attractiveness modulation is a
mere corollary of these previously noted effects, it could as easily be
argued that modulation of reproductive behavior is the primary
function. Our studies are highly suggestive that the presence of
androstadienone can increase a woman’s attraction to a man in a
mate-choice context, though the strength of this effect and the exact
context in which it applies remain questions for future research.

Acknowledgments

We are grateful to Ajaz Iqbal and Fastlove Ltd for allowing us to use
participants from their speed-dating events, to Rebecca Fisher, Daniel
Hughes, Chris Hassall and Alex Wall for their assistance with data
collection, to Tom Heyes and Gregor Govan for the laboratory support,
to Thom Scott-Phillips and Johan Lundström for their useful discus-
sion, and to Anne Etgen and two anonymous reviewers for their
helpful comments. ACL is supported by a Royal Society University
Research Fellowship. TKS is supported by the University of Liverpool.
We thank Unilever Research and Development for their generous
funding of this project. Data from Event 1 are also reported in Saxton
et al (2007).

References

Bensafi, M., Brown, W.M., Khan, R., Levenson, B., Sobel, N., 2004a. Sniffing human sex-
steroid derived compounds modulates mood, memory and autonomic nervous
system function in specific behavioral contexts. Behav. Brain Res. 152, 11–22.

Bensafi, M., Tsutsui, T., Khan, R., Levenson, R.W., Sobel, N., 2004b. Sniffing a human sex-
steroid derived compound affects mood and autonomic arousal in a
dose-dependent manner. Psychoneuroendocrinology. 29, 1290–1299.

Boulkroune, N., Wang, L., March, A., Walker, N., Jacob, T.J.C., 2007. Repetitive olfactory
exposure to the biologically significant steroid androstadienone causes a hedonic
shift and gender dimorphic changes in olfactory-evoked potentials. Neuropsycho-
pharmacology. 32, 1822–1829.

Brooksbank, B.W.L., Wilson, D.A.A., MacSweeney, D.A., 1972. Fate of androsta-4,16-dien-
3-one and the origin of 3alpha-hydroxy-5alpha-16-ene in man. J. Endocrinol. 52,
239–251.

Chaieb, K., Hajlaoui, H., Zmantar, T., Kahla-Nakbi, A.B., Rouabhia, M., Mahdouani, K.,
Bakhrouf, A., 2007. The chemical composition and biological activity of clove
essential oil, Eugenia caryophyllata (Syzigium aromaticum L. Myrtaceae): a short
review. Phytother. Res. 21, 501–506.

Chopra, A., Baur, A., Hummel, T., 2008. Thresholds and chemosensory event-related
potentials to malodors before, during, and after puberty: differences related to sex
and age. Neuroimage. 40, 1257–1263.

Cornwell, R.E., Boothroyd, L., Burt, D.M., Feinberg, D.R., Jones, B.C., Little, A.C., Pitman, R.,
Whiten, S., Perrett, D.I., 2004. Concordant preferences for opposite-sex signals?
Human pheromones and facial characteristics. Proc. Biol. Sci. 271, 635–640.

Danel, D., Pawlowski, B., 2006. Attractiveness of men’s faces in relation to women’s
phase of menstrual cycle. Coll. Antropol. 30, 285–289.

Demattè, M.L., Österbauer, R., Spence, C., 2007. Olfactory cues modulate facial
attractiveness. Chem. Senses. 32, 603–610.

Finkel, E.J., Eastwick, P.W., Matthews, J., 2007. Speed-dating as an invaluable tool for
studying romantic attraction: a methodological primer. Pers. Relatsh. 14, 149–166.

Gangestad, S.W., Simpson, J.A., Cousins, A.J., Garver-Apgar, C.E., Niels Christensen, P.,
2004. Women’s preferences for male behavioral displays change across the
menstrual cycle. Psychol. Sci. 15, 203–207.
Giersing, M., Lundstrom, K., Andersson, A., 2000. Social effects and boar taint:
significance for production of slaughter boars (Sus scrofa). J. Anim Sci. 78, 296–305.

Gosling, L.M., Roberts, S.C., 2001. Scent-marking by male mammals: cheat-proof signals
to competitors and mates. Advances in the Study of Behavior. 30, 169–217.

Gower, D.B., Holland, K.T., Mallet, A.I., Rennie, P.J., Watkins, W.J., 1994. Comparison of
16-Androstene steroid concentrations in sterile apocrine sweat and axillary
secretions: Interconversions of 16-androstenes by the axillary microflora-a
mechanism for axillary odour production in man? J. Steroid Biochem. Mol. Biol.
48, 409–418.

Grosser, B.I., Monti-Bloch, L., Jennings-White, C., Berliner, D.L., 2000. Behavioral and
electrophysiological effects of androstadienone, a human pheromone. Psychoneur-
oendocrinology. 25, 289–299.

Gulyas, B., Keri, S., O’Sullivan, B.T., Decety, J., Roland, P.E., 2004. The putative pheromone
androstadienone activates cortical fields in the human brain related to social
cognition. Neurochem. Int. 44, 595–600.

Havlicek, J., Roberts, S.C., Flegr, J., 2005. Women’s preference for dominant male odour:
effects of menstrual cycle and relationship status. Biol. Lett. 1, 256–259.

Hays, W.S.T., 2003. Human pheromones: have they been demonstrated? Behav. Ecol.
Sociobiol. 54, 89–97.

Jacob, S., McClintock, M.K., 2000. Psychological state and mood effects of steroidal
chemosignals in women and men. Horm. Behav. 37, 57–78.

Jacob, S., Hayreh, D.J.S., McClintock, M.K., 2001a. Context-dependent effects of steroid
chemosignals on human physiology and mood. Physiol. Behav. 74, 15–27.

Jacob, S., Kinnunen, L.H., Metz, J., Cooper, M., McClintock, M.K., 2001b. Sustained human
chemosignal unconsciously alters brain function. Neuroreport. 12, 2391–2394.

Jacob, S., Garcia, S., Hayreh, D., McClintock, M.K., 2002. Psychological effects of musky
compounds: comparison of androstadienone with androstenol and muscone.
Horm. Behav. 42, 274–283.

Kovacs, G., Gulyas, B.C., Savic, I., Perrett, D.I., Cornwell, R.E., Little, A.C., Jones, B.C., Burt, D.
M., Gal, V., Vidnyanszky, Z., 2004. Smelling human sex hormone-like compounds
affects face gender judgment of men. Neuroreport. 15, 1275–1277.

Little, A.C., Burt, D.M., Penton-Voak, I., Perrett, D.I., 2001. Self-perceived attractiveness
influences human female preferences for sexual dimorphism and symmetry in
male faces. Proc. R. Soc. Lond. B. Biol. Sci. 268, 39–44.

Lundström, J.N., Goncalves, M., Esteves, F., Olsson, M.J., 2003a. Psychological effects of
subthreshold exposure to the putative human pheromone 4,16-androstadien-3-
one. Horm. Behav. 44, 395–401.

Lundström, J.N., Hummel, T., Olsson, M.J., 2003b. Individual differences in sensitivity to
the odor of 4,16-androstadien-3-one. Chem. Senses. 28, 643–650.

Lundström, J.N., Olsson, M.J., 2005. Subthreshold amounts of social odorant affect mood,
but not behavior, in heterosexual women when tested by a male, but not a female,
experimenter. Biol. Psychol. 70, 197–204.

McClintock, M.K., 1971. Menstrual synchrony and suppression. Nature. 229, 244–245.
McClintock, M.K., 1998. Whither menstrual synchrony? Annu. Rev. Sex Res. 9, 77–95.
Monti-Bloch, L., Grosser, B.I., 1991. Effect of putative pheromones on the electrical

activity of the human vomeronasal organ and olfactory epithelium. J. Steroid
Biochem. Mol. Biol. 39, 573–582.

Pause, B.M., 2004. Are androgen steroids acting as pheromones in humans? Physiol.
Behav. 83, 21–29.

Penton-Voak, I.S., Little, A.C., Jones, B.C., Burt, D.M., Tiddeman, B.P., Perrett, D.I., 2003.
Female condition influences preferences for sexual dimorphism in faces of male
humans (Homo sapiens). J. Comp. Psychol. 117, 264–271.

Roberts, S.C., Little, A.C., Gosling, L.M., Jones, B.C., Perrett, D.I., Carter, V., Petrie, M., 2005.
MHC-assortative facial preferences in humans. Biol. Lett. 1, 400–403.

Rowe, C., 1999. Receiver psychology and the evolution of multicomponent signals.
Anim. Behav. 58, 921–931.

Savic, I., Berglund, H., Gulyas, B., Roland, P., 2001. Smelling of odorous sex hormone-like
compounds causes sex-differentiated hypothalamic activations in humans. Neuron.
31, 661–668.

Savic, I., Berglund, H., Lindstrom, P., 2005. Brain response to putative pheromones in
homosexual men. Proc. Natl. Acad. Sci. U. S. A. 102, 7356–7361.

Saxton, T.K., Little, A.C., Roberts, S.C., 2007. Ecological validity in the study of human
pheromones. Chemical Signals in Vertebrates XI. Springer, New York, pp. 111–120.

Subrahmaniam, K., Subrahmaniam, K., Messeri, J.Y., 1975. On the robustness of some
tests of significance in sampling from a compound normal population. J. Am. Stat.
Assoc. 70, 435.

Thorne, F., Neave, N., Scholey, A., Moss, M., Fink, B., 2002. Effects of putative male
pheromones on female ratings of male attractiveness: influence of oral contra-
ceptives and the menstrual cycle. Neuro. Endocrinol. Lett. 23, 291–297.

Villemure, C., Bushnell, M.C., 2007. The effects of the steroid androstadienone and
pleasant odorants on the mood and pain perception of men andwomen. Eur. J. Pain.
11, 181–191.

Wedekind, C., Seebeck, T., Bettens, F., Paepke, A.J., 1995. MHC-dependent mate
preferences in humans. Proc. R. Soc. Lond. B. Biol. Sci. 260, 245–249.

Wyart, C., Webster, W.W., Chen, J.H., Wilson, S.R., McClary, A., Khan, R.M., Sobel, N.,
2007. Smelling a single component of male sweat alters levels of cortisol inwomen.
J. Neurosci. 27, 1261–1265.


	Evidence that androstadienone, a putative human chemosignal, modulates women’s attributions of .....
	Introduction
	Materials and methods
	Participants
	Procedure
	Analysis

	Results
	Attractiveness ratings
	Selection rates

	Discussion
	Acknowledgments
	References




